Towards developing a rapid and reliable in vitro regeneration system for the propagation of mulberry, culture response of Morus multicaulis cv. Goshoerami and M indica cvs. K2, RFS175 and S1, was examined. The presence of a cytokinin was essential for bud break. Thidiazuron (TDZ) at a concentration of 0.1 mg l-1 was found to be more effective than BAP for bud break and shoot proliferation in M. indica cvs. RFS175 and k2, whereas 0.5 mg l-1 TDZ was better than BAP in M. indica cv. S1. Although TDZ enhanced the efficiency of shoo tmultiplication in M indica, 2.5 mg l-1 BAP was found to be superior in the case of M. multicaulis. TDZ not only significantly reduced the days required for bud break but also increased the percentage of bud breaks and the number of shoots per explant in M indica. In vitro rooting of Morus shoots improved significantly by adding activated charcoal to culture media. A significant increase in the percentage of rooting and a decrease in the days required for rooting were observed by using 0.05% activated charcoal in M. multicaulis cv. Goshoerami and M indica cv. S1, and 0.1% activated charcoal in M indica cvs. K2 and RFS175. In vitro-raised plantlets were successfully acclimatized and transferred to the field.
Mulberry (Morus species) is an important tree in the sericulture industry. Propagation of mulberry through seeds is undesirable owing to its crosspollination and enormous heterozygosity (Das, 1983) . Season-specific response in rooting of cuttings and low survival of rooted cuttings of mulberry limit the application of conventional modes of vegetative propagation for large scale multiplication of selected strains and cultivars. To overcome these problems, micropropagation protocols have been developed for Morus species (Mhatre et al., 1985; Sharma and Thorpe,1990; Chattopadhyay et al., 1990; Tewari, et al.,1995) . However, most of these protocols are largely genotype-specific and may not be applicable to valuable genotypes (Bhojwani, 1992) . The present study was thus carried out to compare in vitro response of commercially valuable Morus species. Attempts to enhance the efficiency of the previously developed micropropagation protocols from field-grown plant material were also made.
Three commercially valuable cultivars of Morus indica, K2, RFS175 and S1, and one of M. multicaulis, Goshoerami, were used for the present inves tigation.
Six media containing low concentrations (0.1-0.5 mg l-1) of BAP were used, and multiple shoots were induced by higher concentrations. However, these shoots failed to elongate at the later stage of culture in M. indica (Table 1) . The selected cultivars of Morus used in the present study responded differently to TDZ as well as activated charcoal. TDZ at a concentration of 0.1 mg l-1 significantly increased the percentage of bud break, number of shoots per explant, and decreased the days required for bud break in M. indica cvs. K2 and RFS175, whereas similar results were obtained by using 0.5 mg l-1 TDZ in M. indica cv. S1 (Table  1) . These low concentrations of TDZ effectively inhibited callusing at the basal region of shoots in M, indica (Fig. 1a) and induced multiple shoots (Fig. 1b) . Use of TDZ also gave rise to healthy looking, bright green shoots. TDZ, a substituted phenylurea, has been used for micropropagation of a wide range of woody species because it induces a much higher frequency of shoot regeneration than the commonly used cytokinins like BAP (Huetteman and Preece,1993; Elobeidy and Korban,1988) .
Significantly higher bud break percentage, number of shoots per explant and a reduced time for bud break were observed in M. multicaulis cv. Goshoerami at 2.5 mg l-1 BAP than TDZ (Table 1) . BAP was most effective for inducing bud break and multiple shoot formation in other species of Morus (Oka and Ohyama,1986; Islam et al.,1993; Pattnaik et al., 1996) . In contrast to M. indica, TDZ resulted in callus proliferation at the shoot base in M. multicaulis. This callus turned brown if left in the same media for a longer duration. Such interspecific as well as intraspecific variation in culture response of Morus has already been reported by earlier workers (Tewari et al., 1995; Pattnaik et al., 1996; Pattnaik and Chand, 1997) . Using our protocol at least 76 shoots can be produced within 6 months from a single nodal explant.
Activated charcoal was effective for rooting in both M. indica and M. multicaulis. Significant increase in the percentage of rooting and decrease in the days required for rooting (Table 2 ) was observed by adding activated charcoal. Addition of 0.05% activated charcoal was effective in M. multicaulis cv. Goshoerami and M. indica cv. S1, while 0.1% activated charcoal gave the similar response in M, indica cvs. RFS 175 and K2. Poor rooting response in the control may be attributed to a high level of endogenous cytokinin in the in vitro-generated shoots, which may be decreased by using activated charcoal (Steinitz and Yahel, 1982) . Additionally, activated charcoal is also known to promote root growth by blocking the light reachi ng roots through the medium (George, 1993) . Use of activated charcoal also induced adventitious roots directly from the shoot base (Fig. 1c) . In the control cultures, most of the roots developed via callus formation which has been reported to lead to a poor vascular connection between the shoot and root, and the subsequent survival of M. alba plantlets (Sharma and Thorpe, 1990) . Shoot elongation was promoted on rooting media supplemented with activated charcoal in M. indica and M. multicaulis.
Emergence of new leaves was observed in the in vitro-generated plants maintained in the culture room, after about 3 weeks of transfer (Fig, 1d) . A high percentage of survival (90%) was noted in all the cultivars. The regenerated plants did not show any variations in morphology or growth characteristics when compared with the respective donor plants after transferring to the field. The protocol reported herein could thus be used for large scale propagation and for genetic manipulation of these commercially valuable cultivars of mulberry. 
